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The focus recently attracted on “clones™ by the sheep “Dolly ™ arose 1nterest an the media for clonal
reproduction, a phenomenon that had long been known by biologists. First discovered by the Swiss
Charles Bonnet 1 1740 in plant lice (RosTAND, 1966), the reproduction of virgin females was called
parthenogenesis by OweN(1849) In the 19 and 20 m.nlury other unusual modes of reproduction were
described under the terms of gp 515, ¢tc Most of these phenomena
were first obtamed artificially by embryoln[,l\lt n ental often m before
being discovered in nature. Imtially thought to be very rare and to occur mostly 1 “invertebrates™, they
were Tound 1o exast in several groups of verlebrates (fishes, amphibians and repliles) This book proposcs
4 review of some of these phenomen, called clonality by John C. Avise

An origimal approach of this book is to consider clonality not only at the organismal, but also at the
cellular {mitouic cell divisions) and molecular (DNA rephication) levels “an wdn wduad can be viewed as a
huge symhiotte colony of asexually derived clonemate cefls” (p. 13) This approach allows to reahze that
clonality ss a very general feature of all hving orgamisms and explains many of their properties.

At the orgamsmal level, clonality 1s presented as the “polar oppesite™ of sexuality (p. 30) The
cvolutionary advantages of both systems are analysed and compared from a theoretical point of view
Nevertheless, the fact that both systems do exist m nature shows that none of them is completely superior
to the other- according to the conditions, both systems can be efficient.

The baok then proceeds to an overview or |hcchdmuemucs of various unusual reproductive modes,

starting with par " and related systems, then exploring other
curiosities hike polyembryony, herma e sclf- orh clonality All these
strange phenomena are bricily deseribed 1 a very clear language xmd pedagogic style. This hvely text 1s
not only descripive but also offers many the y meaning of the

phenomena observed, often with onginal ideas, as can be expeued {from a brllant theoretician of
evolution as John € Avise Readmg this book 1s both a pleasure and a very stimulating exercise, as it
provokes thought and sometimes suggests views allernative to those of the author.

A real problem with this book, which 1s not particular to tt but has long been a common feature of
many “reviews” published by Englsh-speaking authors {sce e g. 1 this respect the comments by Mavk,
1978), 15 1ts being largely “US-centered™, as 1t displays a virtually complete 1ignorance of scientific
Iiterature i Janguages other than English Ths 1s particularly annoying in a research held ke descriptive
and experimental embryology and related ones, where many of the publications, especially m the 19 "and
early 20" centuries, were published n German, French and somettmes other languages. The presentation
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both of the historical lacts and of the theories in this book 1s therefore somewhat biased. althovgh review
pupers and books on ihiese question cxst n French and German Nice biographical notes are provided
about some United States researchers who i ed 10 our k ledge of clonality in
vertebrates, but the same 1s lacking for Europeun worsers. Hopelully, i a revised edition of this book.
these lacks wall be filled, perhaps through collaborations with Furopean colleagues.

This book 1gnores & distmetion that was introduced almost 20 years ago {DUBois, 19911 and that 15
mportant when dealing with such particular “reproductive modes™ The latter formula 15 1n fact
musleadmg, as 1t mixes two very dafferent phenomena the mode of formation of (he gametes (gamc foge-
nesis) and the mode of aclivation of the ovim to imtiate the development of what then becomes the
embryo {germinogenests or betier Ametogencss, from the Greek Ames, " move™, to avoid a Latin-Greek
“hybrid™ term) Gametogenesis can be either sexual (with “normal™ metosts mvohng reductional
dvisions or einerosn), metasexual {with modified metosis or mezatneiosis) or asexual (Meios.s bemng
absent and replaced by simple equational divistons or mitoses, 1 ¢. amerosts) Whercas phenomena Tike

nd

partt an are modes of kinctogenesis. the “reproductive mode™

often called “hybridogenesis™ designates i fact a particular mode of gametogenesis. The embryonie
dcvulupmcnl of the animals that show sach a mode of gamete formation usually starts through a fully

“normal™ kinctogenesis, 1¢. fertilization or 21 gegenesis Mlxmg bmh phu\ommd obscures the analysts
of these evolutionary situations, and suggests o lead T between parth
gynogenests and androgencsis on one side, and “hybridogenesis” on the other As lor the complet
mechanisms recently deseribed 1n salamanders of the penus Ambisroma under the general lerm of
kleptogenesss (BoaarT et al , 2007), 1t covers in fact two dafferent phenomeni. abnormal gametogenests
and mixed kinetogenesis processes, mvolving both zygogenests and gynogenests.

The teem fvbridogenesss. improperly stated m the book (p. 811 to mean “the origur of i, brids™, has
long been used 10 botany and zoology to desgnate the phenomenon of gencrabion of an orgamsm
through hybridization between two organisms betonging in different species. A homonymous lerm wits
comed by SCHUE t2 (1969) to desigaate the "reproductive mode™ of some twhes. in which i fact it pomts
1oa particular kind of kinctogenests, This term therefore entails several kinds of conlusion and should be
abandoned fnorder 10 have more termimological clarity, DURos (2008} suggested 1o keep terms endang
m - geness forml gories of & but to tae ditferently formed terms.endmg i posests. for
the categories of gametogenesis, five of which at least can be distinguished {Dusors, 2008, 20095}
Elasoporeses s the term that applies to the gametogencess of so-called * Ivbridogenetic erganssms sensu
ScnuLrz {1969), whereas 11 diopoiesrs applies 1o the gametogeness of so-called “kleptogenetic™ organ-
1sms (BOGART et al . 2007) Elasoporesis results im hemiclonal heredity, with one of the parental hemige-
nomes beng transmitted complete and vamodified. or almost so. 10 all gametes, whereas tychopoiesis 1s a
morc complex mechanism resulting in meroclonal heredity, as i produces various kmds of gametes
bearng one or several complete hemigenomes of vanable orgin, either maternal, paternal or both
Adoption of these distinetions would have made clearer some parts of the discussion of Avise’s book

For the sume reason of mappropriate terminology. terms like parthenogen ot parthenogenetic (as
adjective or substantive), €y rogen ot @i nogenetic, androgen or andsngaicic ele |, should be avorded Let
usconsider the term n bredogen T defined i the Glessart ol Avise™s book (p. 184) as A e iedued o
stram that reproduces by Inbridogenesss™ This delfimtion 1s too broad and uiclear Indwviduals and strains,
are two different things. An individual erganism can reprod.ace, but d stram cannot. We need dillerent
(erms to designate organisms and strains, just ke we have the terms mednidiahs and speces to designate
organisms and the taxa m which they belong i the case of bisexul eumerotic panmuctic specions. The
(erms hyhridogen or Ivbridogenctie are i Tact particularly ambiguous as they may have af feast five
dilferent meamngs. (1 an indwidual produced e a phenomenon ol hyboidization. 1 ¢ a first generation
hybrid (this 15 the ongmad and traditonal meanmg of the term, stll of widespread wse m botany ). 12) an
indvidual prodiced by a hybrid {second or subsequent generation), (3 an mdwidual fof mutial Tybrid
ongin, bul possibly many gencrations ago) wiech /leuu\ Hmms hy clasoporests, {(4) an |nd|wuu.u
produced by gametes one of which at least resuted from an slasoy clogenests. {5) an mdnd
which possesses horh these latter particulanties. In front ol such o termmatogical confustor. 1t appears
urgent 1o abandon completely tis term, as well as the other ones ending 1 ger mentioned abose. and 1o
use a clearly defined and non-ambsguots termmalogy [n the case of the (erm androgen, an additional
conlusion 1s due to 1ts being wentical 10 2 well known term designatmg a male sex hormone
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1n fact, the use of such terms 1n this book poants to an uncertamty in the way such special orgamsms
should be called The book uses vartous formulae to designate them, including the terms discussed above
but also “parthenegenectc imeages™ “unsexuals™, “hotvpes” ete Ths not always clear what these terms
actually mean, 1l they upply to mdividuals, taxa or other 1 units. A ly, they just
designate “kinds™ of organisms, but do not refer them 1o formal favononsie witts or taxa. This pount of
view 1y difficult to support, because 1t would imply that only some of the orgamisms m the world belong
10 taxd, whereas some others are “outside taxonomy™ In fact, this peint v Iittle tackled m the book,
whieh does nol present a clear position regarding the “species problem”, except that 1n the Glossary (p.
189) the followmg defintion 1s given for ypecies ( brologeeat ; “Groups of ac tually or potentiath, mterbreed-
g mdividials that arc reproducineh, solated from other such groups™ The tuxonomic problems posed by
the “spectal organisms™ considered in the book are just mentioned n passing by Avise (¢ ., p. 62), but not
really discussed Possibly this means that in his m.nd only bisexual organisms with normal gametogencsts
and kmetogenesis, 1 ¢. correspending to the “Biological Species Concept”” or BSC m the tradiional sense:
IMAYR & ASHLOCK, 1991), can or should be treated taxonemically But this would not be consistent with
the basie that. to be bl systems should be devised in such a way as 10
accommedate all orgasisms in the world, whatever their charactersstics (DuBols, 1991 70,2005 372) A
quite dilferent approach from that of Avise {and of most North American authors as well) has been
proposed (DUsots & GINTHIR, 1982, Dunors, 1991, 2007, 2008q-h, 20095) This 1s based first on a clear
distinction made between species as a nomenclanural rank and as a taxonomic category

As a nomenclulural rank, the term species appues 10 a level m the nomenclatural merarchy
corresponding 1o the basic nait. the “brick™, used i all disciphnes of biological research {sometimes far
away [rom evolutionary biology and systematics, like brochemistry, phy\mlup,y pdlhu]u[,y. cte ), and also
n all other non-scientihc domams where have 1o be d. such as

1 conservalion, commerce, vustons, laws, cte This s the most widespread use of the term
speeies. In this context, all organisms alive must be umformly referable to a taxenomie umit of species
level, designated by @ Latm bmomen. that may appear m faumstic hsts, juridical texts, ete For this
purpose, 1015 Nol appropriate o designate some taxa (“biologieal species™) by Latn binonunals, and
athers by letters or combimations of letters (such as Pocciiapsts Cx or Anthystama LLIA} or compound
names (such as Poectiopsis monachu-lucnday.

As 4 taxonomic category, Lthe term specres may destgnate vanous kinds of unsts, according 1o the
biological properties of the organisms at stake [n order o distinguish this acceptation trom the
nomenchutural ong, these units may be known under the geacral term of specan (DUBOIS, 2007, 20085),
and the difterent kinds of specions may be designated by terms ending n - on, like taxon The “common
situation 1s that ol the “biological species™ or marron (DUBOIS, 2007). a bisexual panmictic unit whose
gene pool s protected from those of other similar units by ccological. ethologial, mechanic, biochemical,
chromosomal, genctic or other barners, But other kinds ot umts can be recogmized  These include taxa
that depend for therr reproduction on otner taxa which they so 10 speak “parasitize” sexually a cach
generation., either through gynogenesss or through genuine fertlizaton, and for which the term Alepron
was comed (Dusors & GONTHER, [982), as well s unisexual femaie taxu that reproduce through
apomictic of automictic parthenogenesis. which can be known under the term of Afanar {DUBOW, 1991)
Several other subcategortes Lan be recognized, and probably some have not yet been dentitied <o far
nature The generat term A1 ort has been proposed for all these categories of “strange species™ reproducing
through clonality (Dusors, 20K8q, 2009h)

In Curope, most authors use the category klepton (derived from the Greek term klepas, “thiel™. not
rom the term Alepionama. as wrongly stated by Avise, p. 991 for ramd pgreen [rogs of the genas
Pclophy v, but this has not been adopted by most North American authors. The reluctance of the latter
10 we spectal taxenemie units for these entities imphes m some ises that they do not wanl (o recognize
them as 1axa For example, FrosT & Hrrers (1990) argued that these (rogs with specil gametogenesis
should be referred lormauly to the species with which they breed at each generation, just like males are
members of the same species as the females with which they breed This move of reasoming by analogy 1
wrong. as 11 bisexual specics males &nd females are nter-dependent, which s ol the case 1 systems like
that ot Furopean green [rogs. where the klepton indeed depends from the assoctated mayron for its
reproduction, whereas the reverse 1s not true ¢see DUsors, 200%¢ 20095) Otbers apparently think that
these spectal orgamsms belong m distinet evolutionary units, which they call “hiotypes™ or “unisexual
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but must be kept “outside taxonomy ™ as they are not “biological species™ But the a prior idea that all
organisms on earth should belong 1n a single taxonomic catcgory. a “wnified concept of species” (¢ g . DF
QUEIRDZ, 1998), has no theoretical or empirical justification. and only seems to stem from a reductiomst
scientific attitude. For any evolutionary biologist accustomed to the diversity and unpredictabihity of life,
1115 no surprise to reahze that different kinds of basic evolutionary units do exist in nature, that cannot be
unificd cxcept artificially Be it as it may, itis clear that a discussion of the taxonomy of clonal, hemiclonal
or meroclonal orgamsms with asexual or metasexual gametogeneses is wanting 1o Avise’s book, as well as
a discussion of the d.flerent nomenclatural systems proposed for these taxa (see DLBOIS & GUNTHIR,
1982, Duois, 1991, 20084, 2009b) Hopefully this will appear in a subsequent edition of this exciting
book

This book contains many other interesting discussions, some of which occupy only a few lines but
stimulate interesting thoughts. They cannot all be surveyed here, but let us just take one example, which
opens a reflection on the conflict that exists nowadays between evolutionary biology and taxonomy on
one side, as disciplines which aim at a better understanding of biodiversity on this planet, and conserva-
tion biology on the other. which sometimes acts as a break agamnst this progress of knowledge (D BoIS,
2003, 20065, 2009a,¢; Duno1s & NrMisio, 2007, NemEsto, 2009): () the traditional kinds of data imtially
suggesitve of arsexualtny (; seem to be gathered less often non because museunnorkers and sy stematists
generally tend to collect fewer vertebrate specimens. This restramt is due to ethical concerns about declmng
huodiversity, as well as to stricter laws and protective regutations for vertebrate anmals™ (p.

Pumng rcﬁccuon on lhese questions leads to reahze that, in order to be able to protect some of the

of origins that occur n some of these systems, ke in the genus
Ambystona (BO(JAH etal, 2007, Bretal , 2009), we need to recogmze formally special taxa for them, and
to provide them with Latin nomina. as this 1s mdispensable for placing them on official lists of protected
taxa (Dusos, 2006)

A last comment of general value here concerns these muluhybnd organisms. Their mitochondsal
genome ray 1n some cascs origmate from & mayron the nuclear genome of which s totally absent in there
genotype (BuGART et al . 2009), so that identifymg them through “barcode™ would result 1n a completely
wrong tuxonomic allocation  This suggests that great care should be taken 1n the use of barcode. as long.
as 5o little 1s known about the and of most hving

Well, these “strange species™ still have 4 1ot to tell us and they no doubt rescrve a lot of surprises to
biology Rigid-minded people will perhups be disturbed by these find.ngs, but it 1s certainly more exciting
to learn from nature than enly from our medels and theories...
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